Summary. The prevalence of islet cell antibodies in children with Type 1 (insulin-dependent) diabetes was determined in a cohort of 678 children. The natural course of islet cell antibodies was followed in 375 children at 1 year, 252 and 135 children after 2 and 3 years respectively. Islet cell antibodies were determined by indirect immunofluorescence on cryostat sections of human pancreas. At diagnosis of diabetes 85% of the children had detectable islet cell antibodies (mean titre 10.4). After 3 years 62% of the children were still islet cell antibody positive (mean titre 2.9) indicating a greater persistence of islet cell antibodies than described in earlier studies. In this large cohort a significant correlation between islet cell antibody prevalence or persistence and sex, age or HLA-DR type was not observed except for a faster loss of islet cell antibodies in very young boys and in patients lacking HLA-DR types 3 and 4. Complement fixing islet cell antibodies correlated with high titre islet cell antibodies. Greater persistence of islet cell antibodies was seen for cases with high antibody titre and in children with diagnosis of diabetes during the first half of the year.
The first demonstration of islet cell antibodies (ICA) in 1974 has been followed by considerable research activity in this field [1] [2] [3] [4] . Up to now, sufficient knowledge on the antigenic determinants on or in islet cells has been lacking; and antibody specifities cannot be dearly distinguished. The correlation of ICA with patient's age, sex, HLA type and season has been studied in cross-sectional and some small prospective studies [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . We therefore, have-performed a study of ICA in 678 children (1-15 years of age) with recent onset Type 1 (insulin-dependent) diabetes. A fraction of the patients could be followed for 1-3 years. With this large cohort a number of hypotheses derived from earlier studies were tested. In particular, the HLA dependence of ICA production and the loss of ICA during the first two years after diabetes onset were examined.
Subjects and methods
In the Federal Republic of Germany the majority of children's hospitals were approached for cooperation. Diabetes centers were avoided because of the possibility of non-representative patient cohorts in these institutions. A total of 351 paediatricians kindly agreed to participate in the study. During 1977 During -1980 , 678 children aged 1-15 (mean 9.8) years (female, 49%) entered the study. All children whose parents and treating physicians agreed to participate in the study were recruited. Other selection criteria were not used. The initial blood sample was drawn within 8 weeks after diagnosis of Type I diabetes; further samples were obtained at 12, 24, 36 months.
ICA were determined using the conventional immunofluorescence test of cryostat sections of human pancreas from cadaver kidney donors, blood group 0, as described previously [10, 15] . Since 1977 three different pancreatic specimen (A, B, C) have been used in ICA assays. Comparative studies using a panel of 50 sera with ICA titres between 1 and 64 ensured that the three different tissues gave results differing no more than by one titrestep (two-fold dilution) in ICA titres. In addition, sera from 200 blood donors were tested on each of the pancreata. (The latter sera were kindly provided by Dr. W. Luboldt, Blood Transfusion Service, University of Essen.) Three sera were positive (undiluted only) on pancreas A, one on pancreas B and none on pancreas C. Finally, standardisation was achieved by running each ICA test with a negative control plus an ICA positive serum used at endpoint dilution plus one titrestep less diluted to assess day to day variation. In about 6% of cases the negative control was read as weakly positive. Only sera giving a stronger signal were regarded as positive. Patient sera determined as weakly positive in such tests were retested. The positive control was always read as positive when tested I titrestep above endpoint dilution and read as positive at endpoint dilution in 82% of cases. Our ICA assay was compared with that of other laboratories by analysis of coded serum samples in 1985 [First International Workshop on ICA Standardisation, (16) ]. For the majority of laboratories including ours linearly increasing standard curves were established. The results were in the expected order based on assigned arbitrary values. Of pancreata B and C, reserve pieces stored in liquid nitrogen were used to The majority of sera from the 678 children were tested in 1983 and 1984 on a single pancreatic tissue (pancreas C). In addition, we excluded possible errors from year to year variation by running in parallel in the same test serum samples from a given individual at diabetes onset, after one, two and three years. Individual serum samples were divided into several portions before freezing in order to minimise repeated thawing and freezing. Only in cases where extensive retesting was done did samples have to be thawed more than twice. As a control, 20 sera were thawed and refrozen 6 times during 3 months and thereafter compared with 20 parallel samples which had cofitinuously been kept frozen. The average ICA fitre decrease due to repeated thawing and freezing was 40%, i.e. less than one titrestep (50%). ICA titres were determined for all children with known HLA type, provided that sufficient serum was available, plus from a random selection of other children. HLA typing was performed using the standard microlymphocytotoxicity technique [17] and a set of 200 highly selected antisera. Non-T cells were enriched by nylon wool columns for HLA-DR typing. The following antigens could be identified: HLA-A1, A2, A3, All, A23, A24, A25, A26, A28, A29, A30, A31, A32, Aw33; HLA-B7, B8, B13, B14, B18, B27, B35, B37, B38, B39; Bw41, B44, B45, Bw47, Bw49, Bw50, B51, B52, Bw53, Bw55, Bw57, Bw58, Bw60, Bw61, Bw62, Bw63; HLA-Cwl, Cw2, Cw3, Cw4, Cw5, Cw6, Cw7; HLA-DR1, DR2, DR3, DR4, DRS, DRw6, DR7, DRw8.
Statistical analysis
The ICA titres show a log gaussian distribution. Therefore, the data are presented as geometrical mean: GMxSD +-~ (GM=geometric mean; SD= standard deviation factor). All other data are presented as relative frequencies, stated as percent. The statistical comparison of ICA titres between groups was performed (after adjustement to pre-values) using one factor analysis of variance. Relative frequencies between groups (also with respect to the pre-values) were tested with chi-square test for k • 2 tables. The level of statistical significance was fixed for all statistical tests uniformly to p = 0.05 (twosided).
Results
Serum samples were obtained from 678 children within 8 weeks after diagnosis of Type I diabetes. Around 86% of sera from both females and males contained detectable amounts of ICA; the mean titre in females was 11.9 and in males 8.8 (Table 1) . Decrease in ICA prevalence was minimal after one year; even after two and three years the majority of children tested remained ICA positive (Fig. 1 A) , although average titres had declined by a factor of 2-4 ( Table 1 ).
An analysis of the same data by age shows a quite similar prevalence and persistence of ICA in the 3 subgroups ( Fig.lB and Table 1 ). Further analysis of the 1-5 years-of-age subgroup revealed that a faster loss of ICA positivity is seen for the male subgroup, 1-5 yearold females do not differ significantly from the elder children ( Fig. 1 B and 2 , p = 0.019).
All children whose parents and treating physicians agreed were HLA typed, also with respect to the HLA-DR region. The correlation between HLA-DR type and ICA prevalence and titre is shown in Fig. 3 A. The three major cohorts characterised by DR3/x, DR4/x and DR3/4 do not show large differences. Mean titres do not reveal large differences either ( Table 2 ). The small subgroup of children with neither DR3 nor DR4 shows a lower prevalence of ICA at diabetes onset and also decreased persistence (versus HLA-DR3/x, p =0.046, Fig.3A ). DRx/x types consisted of DR1 (33.3%), DR7 (22.2%), DR6 (14.8%), DR5 (11.1%), DR8 (11.1%) and DR2 (7.4%).
A second analysis of the correlation between HLA-DR type and ICA prevalence/persistence was performed by considering only cases with an initial titre of >_ 8. After three years, 17.4% of sera from children with DR3/x are still > 8 in titre whereas it is 2.7% in children with DR4/x (difference not significant). Values for HLA-DR3/4 lie in between (Fig.3 B) .
A clear correlation was observed between ICA persistence and titre at onset (Fig. 4) ; i.e. children with initial high titre ICA showed greater antibody persistence than the ones with initial lower ICA titre (p = 0.001).
In 99 children ICA negative at onset, and in 90 children who became ICA negative during the course of the study serum samples were tested for reappearance of ICA. In all cases where an ICA negative child had become positive later on, all serum samples were run again in the same test. Our final result is that in 18 cases ICA (re)appeared in children who had an earlier ICA negative sample (Table 3 ). In none of these cases ICA titres rose above 4.
In looking for a further fluctuation of ICA titres we similarly reanalysed all cases where ICA titres had risen during the course of the study. We did not observe a single case with an ICA titre increase by more than Numbers give the mean antibody titre for ICA positive children, the percentage of ICA positive cases is given in Figure 3 2 titresteps. In 278 ICA positive sera the relationship between ICA and complement fixing (CF-) ICA was studied. As shown in Table 4 , a correlation exists be- Figure 5 , the persistence of ICA is higher in children with diagnosis of diabetes during January-June when compared to months July-December (p = 0.0022).
The prospective analysis of ICA prevalence and titres could be influenced by the decreasing number of children available for retesting at 1, 2 and 3 years. For this reason it was determined whether the fraction of children studied at 1, 2 or 3 years had significantly different ICA characteristics at entry than described for the total cohort. This was not the case.
Discussion
Our prospective analysis of ICA in children with recently diagnosed Type 1 diabetes shows substantial persistence of ICA production over the first three years. Prevalence of ICA was 86% at diabetes diagnosis and still 62% at three years. Most data reported so far have indicated a much more rapid loss of ICA with less than 40% of patients positive for ICA after 1-2 years [5, 7, 8, [11] [12] [13] . However, a few small studies indicated persistence of ICA similar to our observations [9, 10] . The reason for this discrepancy is not dear. The patient population studied is highly unselected since participating hospitals were distributed throughout the Federal Republic of Germany, and entry in the study continued during 4 consecutive years (1977) (1978) (1979) (1980) ) without restriction to a specific season. Differences in age at diabetes onset do not seem to play a role since other studies also included children. A more probable explanation may be differences in test sensitivity. The introduction of standard ICA units will allow better comparison of ICA data.
Although some heterogeneity in the disease process depending on age, sex and HLA type can be expected, only minor effects of these parameters on ICA titre and prevalence were noted. One special observation is that boys tend to loose ICA faster, especially in the young age group (1-5 years). Another interesting point is the lower persistence of ICA in patients with HLADRx/x. Unfortunately, little is known on the natural course of diabetes in this subgroup.
The lack of HLA dependence of ICA production reported here contrasts with earlier findings of an increased ICA prevalence in patients with HLA-B8 or -DR3 found in smaller cohorts [18, 19, reviewed in 11] . Our data confirm a similar report by Barbosa et al. [11] . Do ICA "fluctuate"? In our cohort 9.5% of ICA negative children went on to develop ICA later on. Experimental artefacts were excluded since negative and positive sera were tested the same day. In all these cases only low titre ICA were measured. In ICA positive children titre increases greater than 4-fold were never observed. Our conclusion is that ICA titres may "fluctuate" by two titresteps. Low ICA titres thereby may transiently drop below the detection limit (turning "negative") and slightly increase (tuming "positive") later on. Thus, it is only the low ICA titre which may turn negative and reappear later on. Controversial reports from different laboratories may be due to analysis of cases with high or low ICA titre respectively [20] [21] [22] . The fluctuation of ICA in non diabetic individuals is presently being analysed. Since patients were recruited to the study without prior selection during all seasons of several years (1977) (1978) (1979) (1980) we had the opportunity to search for a correlation between season of diabetes diagnosis and ICA prevalence. In our cohort, greater persistence of ICA is seen for children with diagnosis of diabetes during the first half of the year. The interval between first classical symptoms and diagnosis may be 1-3 months, so that for children with greater ICA persistence the onset of the disease probably is during autumn and winter.
